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ABSTRACT 

In this paper we developed a new adaptive image 
coding technique using mterpolative mixed Vector 
Quantization (VQ) which mixes 2-D Discrete Cosme 
Transform (DCT) with VQ. A median filter is first 
used as eliminate fine noise whfle not smearing edges. 
After subeampled, the image is encoded by an adap- 
t.ve mixed VQ coding scheme. At the receiver, we use 
a FIR Median Hybrid (FMH) filter to interpolate 
missing pfacels after subsampling. Some simulation re- 
sults are given. It is found that high-quality coded 
images were obtained at bit rate from about 0.25 to 
O.Sbpp. 

Llntroduction 

TWorm Coding (TC) has been proved to be an 
efficient way for image compression. The most pop- 
ular transform is the well-known DCT. A relatively 
new technique is VQ (ij. Ytom the theoretical point 
of view, VQ provides the best performance among 
aU block structured image coding schemes for a given 
biodc sue and bit rate. In practice,however, to fuUy 
utilize the inter-pbcel correlation of real world images 
large block sizes (hence, very krge codebooks) are 
needed for the VQ. Smce codebook size grws «qK>- 
nentialfy with the number of index bite, it is currently 
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impractial to construct VQ codebooks requiring moi 
than 10 or 12 bite. Some attempte have been mad 
to circumvent complexity problem that apply TC i 
combination with VQ coding that overcome the sub 
optimaUties of TC and combmed the advantages of VC 
to increase the coding performance (2J. 

In order to further reduce bit rate and the com 
putational complexity, in this paper, we deveteped i 
new adaptive image coding technique using interpola- 
tion mbced VQ which mfaces 2-D DCT with VQ . Ouj 
adaptive coding scheme is shown in Fig.l. 

Hlmage Prefiltering And Decimation 

The lowpass filters have found applications in image 
high compression, and many authors have analyzed 
the properties of these filters. They are used to obtain 
the lowpass image from the original image and also 
to protect agamst aUasing effecte in subsampling step. 
Because Unear lowpass filters tend to smear edges and 
eliminate relevant details, in our coding scheme, a me- 
dian filter is used as prefilter to eliminate fine noise 
while not samearing edges (3-5). The smaU fine de- 
taa is often noise or is so small and so fine that the 
eye cannot discern it. In either case, compression is 
usually better without this detail 

In our codmg scheme, the median filter is defined 
as follows. Let fjr,yj be the matrix representing a im- 
age. Then the result of the median filtering with an 
m X n (where m,n = odd integers) window is an image 
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Figure 1: Block diagram of our coding acfaeoie 



where Viy is equal to the median of the gray levels 
of the picture elements lying in an m x n window cen- 
tered at the picture elements Xi^ in input image. When 
window is close to ender in the horizontal or vertical 
direction, m or n decreases by 2 at each filtering step. 
Since neighboring pbceb in images are highly corre- 
lated, the image redundancy can easily be reduced by 
subsampling. Most parts of the information is still in 
the subsampled image. 

HLAdaptive Mixed VQ 

A quadtree algorithm is first used to partition the 
resulting image into blocks of si2e, 8x8 and 4x4. The 
blocksize is dynamically adjusted according to the lo- 
cal property of detail contents within each block (6]. 
^ach 8x8 block is checked for detail contents using the 
following detail test: 

r = if (1) 
Si 

where K is the number of pixels in the block, is the 
grey value of its pixel and u is the mean grey value of 
all the pbcels in the blocL The detail threshold value 
is predefined. If T does not exceed this threshold, 
lilts block is cousidered tu b*^ a ^iow detail^ block. 
Otherwise, the block is considered as "high detail" and 
is split into four 4x4 subblocks. 

The large blocks, 8 x 8,are coded by a DCT-VQ 
scheme. In this algorithm the transform coefficients 



of each blocks are grouped into vectors which are then 
individually coded using VQ. The grouping is done 
by requiring that all . components of each vector have 
approximately the same perceptual importance. The 
subvectors are formed as Table 1, Coefficient (0,0) tep- 
resent the mean luminance value intra-block, Since the 
human visual system is hi^y sensitive to errors in this 
mean luminance4t is quanti2ed separately at 8-blt ac- 
curacy. The bit allocation of each subvector is in a 
manner that described in [7]. 

Table 1 

The bit allocation table of DCT-VQ 



m + + + + + -- 

+ + + + - — OO 

+ + + -00 
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-0000000 
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"m» (DC)— 8bit, »-!-»(VQl)— 7bit 
(VQ2)— €bit, "(T— obit 

The high detail 4x4 blocks are encoded using space 
domain VQ. In order to reduce the computational 
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complexity and coding distortion, an adaptive muti- 
stage VQ technique is used [7]. The codebooks were 
designed usmg the well-known LBG algorithm [8). 

IV. Nonlinear Interpolation 

The FMH filters have been successfolly applied to 
image processing and they are shown to ret^ edges 
and attenuate noise very well [9]. The FMH filters 
are also used to interpolate missing pixels after sub- 
sampling [5]. Edges are preserved and shade regions 
are further smoothed by FIR substmcture. Nonlinear 
interpolator is shown in Fig.2. 
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9 ^MED[a,h,c,d,^fiT) (4) 

Figure 2: Nonlinear Interpolators 
V. Simulation Results 

This adaptive coding system has been simulated on 
a AST 386 computer. Several images that were not 
part of the trauiirig set were coded by this system. 
Shown in Fig.3 is the reconstructed image by using 
the above scheme for "Lena" hnage. For comparision 
purpose, the original image is also shown. The input 
image is s bits per pfacel, a range of |o,255l, and its 
size is 256x256, After prefiltered by median filter of 
size 5x5, the image is reduced Vy subsampling in a 
2 : 1 ratio in both the horizontal and vertical direction. 



The subsampled image is first divided into blocks of 
size 8 X 8 and 4 X 4. The detail threshold value has been 
empirically defined to be 150 . The number of blocks 
of size 8 X 8 and 4 X 4 are 96,640 respectively. Then 
the large blocks are coded by a DCT-VQ system. As 
ran bi» seon from Tahlo 1, qiihi'ortors d*»nnted bj- 
and are vector-quantized using codebooks with 128 
and 64 codevectors respectively. The small blocks are 
coded by an adaptive multi-stage VQ. Tible 2 gives 
the coding performance and the number of stages used 
in multi-stage VQ. The signal-to-noise ratio SNR is 
defined as 

SNR^l^log^[dB) 

where MSB stands for the Mean Square Error, lible 
2 shows that the performance fo our coder is better 
than the performance obtained in [5]. 



TABLE 2 
Performance Comparision 
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VI. Conclusions 

In this paper we have described an adaptive image 
coding scheme based on combming median prefilter^ 
ing, decimation, adaptive mfaced VQ, and nonlmear 
interpolation. The algorithm yields encodmg out- 
put of good quaUty at o.244bpp with relatively simple 
vector coder structure. 
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Figure 3: (a) Original, and (b) coded at 0.244 
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